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1. Purpose

, Subroutine BINARY is an implementation of the self-critical estimation procedure
of Paulson, Presser and Lawrence (1903). The logistic, Gaussian or Type I extreme
value distribution may be selected as tolerance distribution. Estimates are expressed
in location-scale form on entry and exit, but results may be printed out in regression
form, location-scale form, or in both forms.(see Section 3 for a description of the
two parametrizations). /;n is possible to h;ld location parameters constant during tho-
estimation procedure. Estimation is accomplished by a Newton-Raphson method.

- — .
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2. Specification (FPORTRAN)

SUBROUTINE BINARY (N, IX, X, IA, NPAR, ISUB, ISTART, IDEP, IDIST, C,
RELTOL, ABSTOL, MAXIT, IPRINT, IPFLAG, BETA, XLOGL, ICOV, COV, LMEMNM,

MEMORY, IPAULT)

3. Description

The routine is applicable to the following modeling situation: PFor i = 1,..., n
(n is the sample size), let vi be the stress variadble, aj; a zero-one indicator of
withetand or failure, and X; = (X,..., xpt)T a column vector of covariates. A
constant is incorporated as a covariate identically equal to unity. The case p=0O is
possible, but should dbe rare.

The tolerance distribution and density, P(vy) and f(vj) respectively, depend on
the covariates, a scale parameter o, and & vector of location parameters p =

(By,..., Bp)' as follows, where
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exp(uy )
(1+exp(uy) '

1 exp(uy )
ol (1+exp(uy))?

- logistic, P(vg) =

f(vy) = s
- Gaussian, P(vq) = &(uy)
(¢ is the standard Normal distribution function),

f(vyg) =

exp( -5 ui);
leiv 2w

- extreme value, P(vy) = 1 - exp(-exp(uy)),

1

f(vy) = To1 exp(uyg-exp(uy)).

In principle, it is possidble for o to be negative, but this contradicts the physical
notion of a stress variable.
In the method of maximum likelthood, parameters 6 are estimated by maximizing

the log lkelihood,

n
Ke) = L laylogh(vy) + (1-a1) logS(vy)),

where S = 1-F. The self-critical procedure depends on a user-specified quantity c,

and estimates 0 by solving the system :
A
;': fc(vi)[ai 2 logP(vy) + (1-a4) 2 10(3(v1)) = 0. P
i=1 20 a0 '."-:.'
When ¢ = 0, maximum likelihood estimates are obtained. As ¢ increases from zero, jJ,
ol
increasingly robust estimators result. The sensitivity of parameter estinates to .v
departures from model assumptions can be examined by starting with ¢ = O and
o,
refitting the model for increasing values of ¢c. Negative values of c seem less useful. ’i,p,.
"




3
4
0
4. Mumerical Method :-:E;
th
R
Por the purpose of estimation, the routine (intermally) reparameterizes the J:{
. N
problem in a “"regression” form. In this parameterization, F(-) depends on C«i-'
M
wy = avq + u'Xg =
N
instead of he
N
ug = v,-g X3 .
The reparameterization offers two advantages: iy "
Ie
1) Computation of the necessary partial derivatives is simple; i
2) Por maximum likehood estimation with a logistic tolerance distribution, -
N,
it can be shown that the regression parameterization results in a concave ,:?
{-
maximization problem. We anticipate that it will have fairly good properties -;-,'
,'\.
in the more complicated cases. :
It has a disadvantage in terms of potential 1ill-conditioning of the Hessian (or a-:
F
Jacobdian) matrix, so that the input data should be sensibly scaled (see Section 11). &
'.
Parameters are assumed to be expressed in the easier to understand location-scale \'
form on entry, and are transformed back to location-scale form on exit, so the user ::f.
E N
‘
need not worry about details of reparameterization. :‘:
soe
Let o
2 8 e
Se1 = fC(vy)|ag 76 108P(Vvy) + (1-aq) 5o logS(vy)| . e
N«
I.
-
»‘
The gradient used in Newton-Raphson iteration has et" component
n n o
ge = n"! [ Sgi, and the Hessian has (6, ') component Hgg: = n"* [ —0, Set. o
i=1 i=1 99 o
(the scaling by n-* ghould be helpful when n is large). :f‘_;
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When ¢ = 0, the estiamted asymptotic Covariance matrix of the estimators is X

n"3(-H) !, while when ¢ % 0 it i n"*H VH" !, where V has (0,6') component =

X
n »
Vgg' = n°2 1:1 891Sgr1. The estimated asymptotic covariance matrix is ex- !
E 4
pressed in location-scale form by pre- and poet-multiplying it by the Jacobian of the =
L]
2
underlying parameter transformation. G
\.'.
Newton -Raphson iteration converges when %
max | ofk) - o(k-1)] < aBsTOL =
i 1 (‘\
b
and - <
£
o{x) -
max f————| < RELTOL, g
i o(k-1) ..
""‘-
O
N
where superscripts represent iteration numbers and ABSTOL and RELTOL are o
user -supplied. The user also specifies a maximum allowable number MAXIT of r
e
iterations. P
.-\:
Solution of linear equations and matrix inversion is accomplished by subroutines -
DECOMP and SOLVE, taken from Porsythe, Malcolm and Moler (1977). These routines ' .
‘ "‘v
are of high numerical quality, and provide an estimate of the condition number of the :::
NS
input matrix, which is often useful. In the interest of portability, iterative N
improvement is not used. X
roe
r:vrb
o
o>,
)
S. Parameters s
X5/
5.1 Input Parameters =
.,::._f
N - INTEGER e
Sample size. Unchanged on exit.
:\‘:\
x - INTEGER RS
Row dimension of data matrix X. Unchanged on exit. IR
'.x': '
O
F Y
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X - REAL array of DIMENSION (IX, q), where q a N. Data matrix
containing the dependent (stress) variable and all covariates.
Each column corresponds to one observation. If parameters are —
held fixed, values of the dependent variable will be changed, o
but their input values restored. N
Unchanged on exit. ::,,:‘_:
IA - INTEGER array of DIMENSION N. 2%
withetand or failure is indicated for obeervation I according as
IA(I) = O or IA(I) # O. 2
Unchanged on exit. \;
.-\_,

NPAR - INTEGER.
Number of parameters in the model.
Unchanged on exit.

.0
P
A

IsUB - INTEGER array of DIMENSION (NPAR).
Indicates rows of data matrix X corresponding to parameters
(the scale parameter is taken to correspond to the dependent
variable). PFor instance, if ISUB(3) = S5, the third parameter
corresponds to the fifth row of X.
Unchanged on exit.

ISTART - INTEGER array of DIMENSION (NPAR).

Indicates the status of parameters in the model, and whether a

starting value is to be supplied.

If ISTART(I) is equal to -

0, BETA(I) is to be estimated, and its input value is to de
disregarded;

1, BETA(I) is to be estimated, and its input value is to be
used as starting value;

2, BETA(I) is to be held constant at its input value.

(See Section 11.2 for comments on starting values; the scale of

parameter is not allowed to be held constant.)

Unchanged on exit.

IDEP - INTEGER.
Row of dependent (etress) variable in X.
Unchanged on exit.

IDIST - INTEGER.
Indicates the tolerance distribution desired.
If IDIST equals
1, logistic distribution will be used;
2, Gaussian distribution will be used;
3, extreme value distribution will be used.
Unchanged on exit.

C - DOUBLE PRECISION
User-supplied constant for self-critical estimation.
Unchanged on exit.

B A T e D g e 98 ST e aY g e R, L ATl
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RELTOL -

IPRINT -

IPLAG -

5.2 Input/Output (and associated dimsnsion) Parameters.
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DOUBLE PRECISION.

Relative convergence tolerance for Newton-Raphson iteration
(see Section 4).

Unchanged on exit.

INTEGER.
Maximum allowable number of Newton-Raphson iteration.
Unchanged on exit.

INTEGER.

Output unit number. If IPRINT € 0, no output will de produced.
If IPRINT > O, standard output will be produced on logical
output unit IPRINT.

Unchanged on exit.

INTEGER.

Indicator for form of output.

If IPLAG < O, the standard output summary will be in regression
form. If IPFLAG = 0, output summaries will be produced for
both regression and location-scale parameterizations. If
IFLAG > O, the standard output susmary will be in location-
scale form. (See Section 11.3).

Unchanged on exit.

DOUBLE PRECISION array of DIMENSION (NPAR).
On entry, contains starting values as specified by ISTART.
On exit, contains parameter estimates, in location scale form.

DOUBLE PRECISION.
On exit, contains the log likelihood if ¢ = 0 (maximum
likelihood estimation), and gzero otherwige.

INTEGFR.
Row dimenision for COvV,
Unchanged on exit.

DOUBLE PRECISION array of DIMENSION ( ICOV, q), where q a NPAR.
On exit, estimated asymptotic covariance information for the
parameters. The diagnal contains standard errors, the strict
lower triangle correlations, and the strict upper triangle
covariances. If a paramster is held constant, all correspond-
ing entries are zero. The covariance matrix will dbe for the
location-scale parameterization rulers IFLAG < O, when it will
be in regression form. See Section 11.3.
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5.3 workspace (and associated dimension) parameters

LMEN - INTEGER.
Length of work array MEMORY, as declared in calling program unit.
LMEM » NPAR + 4=*NACT=*(1+NACT) + 2*max(NPIX, 2=NACT), where
NACT is the number of parameters estimated and NFIX = NPAR-NACT
is the number of parameters held constant.

Unchanged on exit.

NEMORY - INTEGER array of DIMENSION (LMENX).
Used as workspace.

5.4 Diagnostic Parameter

IPAULT - INTEGER.
Unless the routine finds an error or gives a warning, IFAULT
will be O on exit. See Section 6.

6. Error Indications and Warnings

Errors or warnings specified by the routine:

IPAULT < 0 If IPAULT = -I, I > O, then an arithmetic exception was about to
occur on observation I, while computing partial derivatives. This
failure should be rare. If the data have been sensidbly scaled, and
the starting values are not too bad (see Sections 11.1-11.2), the
probable cause is a data error. The routine stops as soon as the
error is detected, and output parameter values are not of interest.

IPAULT + . Input parameter outside expected range. This failure will occur if,
on entry, N < 1, NPAR < 1, IX < NPAR, ICOV < NPAR, RELTOL € O,
ABSTOL < O, MAXIT < 1, IDIST < 1, IDIST > 3, IPLAG € 0 and
IPRINT < O (see Section 11.3), ISTART(I) < O or ISTART(I) > 2 for
some I, ISTART(I) = 2 for all I, ISUB(I) = IDEP for all I, or
ISUB(I) = IDEP and ISTART(I) = 2 for some I. (The last restriction
means that the scale parameter cannot be held constant.) The
routine stops without doing any calculations.

IPAULT = 2 Insufficient workspace. This failure will occur if, on entry,
LMEM < NPAR + 4*NACT=®(1+NACT) + 2*MAX(NPIX,2=*NACT), where
NACT is the number of parameters estimated (ISTART(I) < 2), and
NPIX = NPAR - NACT is the number of parameters held constant
(ISTART(I) = 2). The routine stops without doing any calculations.

IPAULT = 3 The Heswian matrix has become numerically singular during Newton-
Raphson iteration. The routine transforms estimates to location-
scale form, restores values of the dependent variable if parameters
were held fixed, and stops. Output parameter values are not
generally of interest.

- . .. . - e
REARIC A . G Lo LA PO AN X
AR S N S S/ S S S AT I W S W DR D DAY, 1S A S VY § 8

.-.‘t;vr\'.-h,;:;.- e A e

AN
’4!’ t':;‘ '-

2
l'

]

2

EACP
L4

.I-v
a0 0

o

2.
2

P .'1".-’ o

-_»
“

PRy
L N AN

PR X AS
7
/) f"}"f\'iéf

fo

X
A

PP YT
LMY
ey

- 4
)

...'4
e !
v A

'-

/.
4 s
A



ey Lo A ae maa S Adm e B aae o ge S iidie AU S e e S et a dae it S e B A A S b ot fhan _Rgu S Jiab Bk b lhenlia e dhad

IPAULT = & The Newton-Raphson iteration did not converge to within RELTOL
and ABSTOL in the specified MAXIT {terations. The routine
transforms estimates to location-scale form, restores values of
the dependent variable if parameters were held fixed, and stope.
Output parameter values are not generally of interest.

7. Auxiliary Routines

SUBROUTINE PREPAR(IX, N, X, NPAR, BETA, ISUB, ISTART, NACT, IACT,
IMAP, PAR, NPIX, IPIXED, IDEP, WORK)

Prepares for iteration by setting up some indexing and working arrays,
subtracting the effects of fixed parameters from the dependent variable,
and setting initial active parameter values in regression form.

SUBROUTINE NEWTON(C, MAXIT, RELTOL, ABSTOL, DIPPER, XLOGL, NACT,
1ACT, PAR, IPIVOT, HESS, HESPAC, N, IX, X, IA, IPRINT,
LWORK, WORK, LPAULT)

Carries out the Newton-Raphson iteration.

SUBROUTINE VARIAB(C, XLOGL, REGRES, DIPPFER, VROUT, NACT, IACT,
IMAP, PAR, IPIVOT, HESS, HESPAC, ICOV, NPAR, COV,
DET, N, IX, X, IA, WORK)

Computes the estimated asymptotic covariance matrix, transforms it to

location-scale form if requested, and computes correlations and standard

errors.

SUBROUTINE EXPOST(REGRES, IDEP, NPAR, BETA, ISTART, NACT, PAR, IMAP,
N, IX, X, NPIX, IPIXED, WORK)

Sets the output vector BETA, transforms to location-scale form if requested.
If location-ecale form is requeted and parameters were held fixed, restore
initial values of dependent variable.

SUBROUTINE RESULT (C, REGRES, IPRINT, IDIST, N, IDEP, NACT, NPIX,
XLOGL, NPAR, BETA, ISUB, ISTART, ICOV, COV, DET)

Produces a standard output summary on logical output unit IPRINT.

The following routines are specific to particular tolerance distributions, and are
declared EXTERNAL in BINARY. The first three, prefixed D, are passed to NEWTON

and VARIAB. The next three, prefixed VvV, are pasged to VARIAB.
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SUBROUTINE DLOGBN(C, OBJECT, NACT, IACT, PAR, GRAD, HESS, N, IX, X,

IA,, IPAULT)
SUBROUTINE DGAUBN ( " )
SUBROUTINE DEXVBN ( " )

Compute gradient and Hessian for logistic, Gausgian and extreme value models,
resp.

SUBROUTINE VLOGBN(C, NACT, IACT, PAR, V, N, IX, X, IA)
SUSROUTINE VGAUBN( . )
SUBROUTINE VEXUBN( - )

Compute V factor of estimated asympiotic covariance matrix for logistic,
Guassian and extreme value models, resp.

The following procedures perform general rumerical tasks. They have been
included in the interest of portability, although equivalents exist on many computer

Systens.

SUBROUTINE DECOMP(NDIN, N, A, UL, COND, IPUT, WORK)
SUBROUTINE SOLVE(NDIM, N, A, B, X, IPUT)

DECOMP decomposes & matrix into LU factors and estimates its condition. SOLVE
solves a linear system, using the results of DECOMP. These routines are in
Porsythe, Malcolm and Moler (1977), but the present versions include an extra
argument 0 that A and B need not be overwritten.

‘ SUBROUTINE DMXMLT(A, IA, N1, B, B, N2, C, IC, N3, WORK, LWORK,
IPLAG, IPAULT)

Double precision matrix multiplication -
A(N1 x N3) = B(N1 x N2) *» C(N2 x N3), where B is overwritten if [FLAG < O
and ¢ is overwritten if IPLAG > 0.

DOUBLE PRECISION PUNCTION ALNORM (X, UPPER)
Algorithm as 66 (RAill, 1973) to compute tail areas of the standard Normal
caurve.

DOUBLE PRECISION PUNCTION RMILLS(X)

Computes Z(x)/Q(x), the reciprocal of Mille' ratio, where x is a standard
Normal variate. This procedure is based on procedures by Hill (1973) and
Adams (1969).
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9. Storage

There are no internally declared arrays.

10. Precision, Machine Dependemt Constants

The routein was developed on an IBNM computers. The data matrix is single
precision to conserve storage. To convert to single precision, take the following

stepe, with the exception noted below:

1) Change all DOUBLE PRECISION declarations to REAL;

2) Replace references to double precision PORTRAN library functions
with single precision versions, e.g., EXP replaces DEXP;

3) Replace double precision constants by their single precision :".\“

versions, e.g., 1.0 replaces 1.0DO. NN

Note: In routines PREPAR and EXPOST, the dependent variadle is adjusted for the qt

effect of fixed parameters. These adjustements must be calculated in double precision g
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"

to avoid a loss of wignificant digits in X which could affect subsequent computations. '

Procedures DLOGBN, VLOGBN, DGAUBN, VGAUBN, DEXUBN, VEXUBN, DECOMP,

\ ALNORM and RMILLS use machine-dependent constants whoee viaues are set in DATA
statements. Theee constants may have to be altered for some computers. They are p

pointed out by comments in the program units. -

11. Purther Comments

IR AT

11.1 Scaling, conditioning of Hessian matrix

- The user should be aware of potential problems of ill-conditioning. Because a

oy v ¥ B w v

L regression-type parameterization is used, calculation of the Hessian matrix involves

opcudundaﬂuhﬂnfomﬂondx'x,mxuﬂnmm.

.« @ s v &

Unfortunately, the resulting Hessian is often rather {ll-conditioned. If IPRINT > O,

mmndmam'-mummrummumgnm.
Roughly speaking, a condition number in excess of 107 is worrisome, although

condition numbers in excess of 101° can be tolerated when working in double precision

T AR |

Pl e e

on an IBM 3001. The user can and should avoid potentially excessive ill-conditioning

Y.

by scaling the data matrix X before calling the routine.

P RS

Although it is not known how to optimally scale a problem, it seems that a nearly

. %t

ideal scaling will be achieved if nonconstant variables are transformed to the range

(-1, 1), centered at zero. However, such precise scaling if often tedious. It 9

LYY

seems most important to "equilibrate” the data matrix so that all variables have

= Sl NL AN

roughly the same (moderate) magnitude. Such equilidbration is often simply
.. accomplished by dividing by suitable powers of 10, e.g., expressing voltages in
megavolts instead of kilovolts. Centering the variables will further reduce the

", condition number. One often centers covariates anyway, so that the “intercept”

NP, ISP RIEE et

s e
.
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parameter has a clear interpretation.

11.2. Starting values

Since Newton-Raphson procedure is employed, starting values are important. If
no starting values are supplied by the user (ISTART(I) = O for all I), the routine
will use unity for the scale parameter and gero for all location parameters. These
starting values will not be acceptable unless the dependent variable has been centered
and scaled. It is recommended that the user employ the mean and standard deviation
of the dependent variable as starting values for the "intercept” parameter (if any) and
scale parameter, respectively. If the model is sequentially refit with different values
of ¢, it is recommended that estimates from the most recent call be used as starting

values for the next call.

11.3 Output Flags

Because the routine will generally bde called sequentially with different values of
¢, it is most convenient to always express entry and exit parameter values in the same
form. The location-scale form is used, because that form affords the clearest
interpretation. An inconsistency arises of IPLAG < O, for them the output estimates
are in location-scale form, but the convariance matrix is in regression form. Thus, )
if the user wants to make separate use of the output parameters of BINARY, the

routine should be called with IFLAG > O.

| prbhZ

It is recommended that the routine be called with IPRINT > 0. If IPLAG € O, ,;.5
‘P,
the requirement IPRINT > O is enforced. (When IPLAG < O, the requirement is in :"'\"
keeping with the inconsistency mentioned above.) The standard output summary should
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Por the maximum flexibility in output and

le

be wsufficient for most applications.
interpretation of resmuilts, call BINARY with IPRINT > O, IPLAG = 0.
The following program {llustrates the use of BINARY,

produced when IPRING > O and IPLAG = 0.
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